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Coronary Sinus Ostium. Introdttctlon: Tbe purpose of tbis study was to perform a quanti-
tative fluoroscopic analysis of the coronary sinus ostium and its relationship to the His bundle
in patients witb and without AV nodal reentrant tacbycardia. Sites of slow patbway ablation
are often near the coronary sinus ostium, which can be located witbin a few millimeters of tbe
His bundle. Wbetber such close proximity of the coronary sinus ostium to tbe His bundle is
unique to patients with AV nodal reentrant tachycardia is unknown.
Methods and Results: Fifty consecutive patients (mean age 39 ± 14 years) with no structural
heart disease underwent electropbysiologic testing and radiofrequency ablation. Tbe study
group consisted of 28 patients witb inducible AV nodal reentrant tachycardia or dual AV
nodal physiology and 22 patients in tbe control group. A coronary sinus venogram was per-
formed in each patient. The coronary sinus ostium was similar in size in tbe study group (II.4
± 4.5 mm) and in the control group (10.5 ± 3.6 mm, P = 0.2). The coronary sinus ostium was
funnel shaped in balf of the study patients and in half of the control patients {P = LO). Tbe
mean distance from the upper lip of tbe coronary sinus ostium to tbe tip of tbe His bundle
catheter was 9.7 ± 5.5 mm in the study group and 10.4 ± 5.1 mm in the control group (P = 0.7).
The mean distance from tbe lower lip of tbe coronary sinus ostium to tbe tip of the His-bundle
catheter in tbe study group was 20.1 ± 6.1 mm and 19.5 ± 5.6 mm in tbe control group {P =
0.7).
Conclusion: This study demonstrates a wide range of normal coronary sinus ostium diame-
ters, morphology, and anatomic relationships witb surrounding structures, with no demonstra-
ble correlation to the presence or absence of dual AV node pbysiology or AV nodal reentrant
tachycardia. fJ Cardiova.sc Electrophysiol. Vol. 6. pp. 6HI-6S6. September 1995)
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Introduction
Radiofrequency ablation of AV nodal reen-
tiant tachycardia using the slow pathway approach
is accomplished in the triangle of Koch, near the
coronary sinus ostium. Koch's triangle is bounded
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by the tendon ofTodaro, the coronary sinus ostium,
and the septal leaflet of the tricuspid valve. In the
anatomic approach described by Jazayeri et al.,'
the area between the His bundle and the coro-
nary sinus ostium is divided into six sections (Fig.
1). with radiofrequency applications starting at the
level of the coronary sinus ostium and progress-
ing superiorly. However, it bas been observed that
in patients with AV nodal reentrant tachycardia,
the ostium of the ctmmary sinus at times may be
close to wbere a His-bundle electrogram can be
recorded.- Although there have been prior anatomic
studies of the triangle of Koch," there have been
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Figure 1. The six positions targeted between the coronary-
sinus ostium and the His-hundle catheter during slow path-
way ablation. (Reproduced with permission from Jazayeri
MR, Hempe SL, Sra JS, et al: Selective minscatheter abla-
tion of ihe fast and stow pathways using radiofrequency
energy in patients with atrioventricular nodal reentrant
tachycardia. Circulation 1992:85:1318-1328. © 1992
American Heart Association.)
no prior fluoroscopic evaluations directly relevant
to slow pathway ablation. Therefore, the purpose
of this study was to perform a quantitative
fluoroscopic analysis of the coronary sinus ostium
and its relationship to the His-bundle recording site




Fifty consecutive patients without structuml heart
disease undergoing an electrophysiologic evalua-
tion for supra ventricular tachycardia were enrolled
in this study. There were 24 men and 26 women
(mean age 39 ± 14 years [range 15 to 71]). All
patients with inducible AV nodal reentrant tachy-
cardia or dual AV nodal physiology were enrolled
in the study group, and the remaining patients
served as controls. Dual AV nodal physiology was
defined as a 50-msec or greater increase in the
atrial-His interval in association with a 10-msec
decrement in the coupling interval of a single atrial
extrastimulus. The study group consisted of 25
patients with inducible AV nodal reentrant tachy-
cardia and 3 patients with dual AV nodal physiol-
ogy who did not have inducible AV nodal reen-
trant tachyciirdia or AV nodal echo complexes. The
control group consisted of 21 patients with lui acces-
sory pathway and 1 patient with paroxysmal atrial
fibrillation; none of the patients in the control group
had either dual AV nodal physiology or AV
nodal echo complexes. Compared to the control
group, the patients in the study group were older
(43 ± 12 vs 35 ± 15 years, P = O.(M), had a smaller
body surface area (1.8 ± 0.2 vs 1.9 ± 0.2 m-, P =
0.04), and were more likely to be women (76% vs
43%, P = 0.02).
Electrophysiologic Testing
Infomied consent for the investigational proto-
col was obtained from all patients, and the proto-
col was approved by the Investigational Review
Board at the University of Michigan Medical Cen-
ter. Three quadri polar electrode catheters were
inserted into a femoral vein and positioned in the
high right atrium, across the tricuspid annulus in
tbe His-bundle position, and at the right ventricu-
lar apex. The intracardiac electrograms and leads
V|, I, n, and HI were displayed on an oscilloscope
and recorded at a paper speed of 25 to 100 mm/sec
on a Mingograf 7 recorder (Siemen.s-Elema, Inc.,
Solna, Sweden). Pacing was performed with a pro-
grammable stimulator (Bloom Associates. Read-
ing, PA, USA). Each patient underwent overdrive
pacing of the atrium and ventricle and atrial and
ventricular extrastimulation to induce supraven-
triculai' tachycardia and determine its mechanism.
A diagnosis of typical AV nodal reentrant tachy-
cardia was made using standard criteria."" If an
accessory pathway was identified or if the patient
had inducible AV nodal reentrant tachycardia,
radiofrequency ablation was performed using pre-
viously described methods.^-'
Contrast Injection
After the clinically indicated portion of the elec-
trophysiologic procedure, a 7-French Simmons 2
angiographic catheter (Cook Catheter. Inc., Bloom-
ington, IN. USA) was inserted into tbe right atrium
via a femoral vein tind positioned in the coronary
sinus under fiuoro.scopic guidance. Prior to angiog-
raphy, a quadripolar electrode catheter with 2- to
5-mm interelectrode spacing was positioned to
obtain the largest possible bipt̂ lar His-bundle elec-
trogram with an atrial/ventricular electrogram ratio
of 1:1 using the distal pair of electrodes. The coro-
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nary sinus was injected with radiopaque contrast
(7 to 8 cc/sec lor 3 sec at 150 psi) using a power
injector. Cineangiograms were rect)rded in the 60"*
left anterior oblique projection.
In each patient, the borders of the coronary
sinus ostium were described either as funnel
shaped, with close proximity between the upper
border of the coronary sinus ostium and the His
bundle, or nonfunnel shaped. Examples of a fun-
nel-shaped coronary sinus ostium and a nonfun-
nel-shaped coronary sinus ostium are shown in
Figure 2. ln assessing the morphology of the coro-
nary sinus ostium. the intraobserver repro-
ducibility was 86% and the interobserver repro-
ducibility was 81%.
!n each patient, the maximum diameter of the
coronary sinus ostium. the distance from tlie upper
lip of the coronary sinus ostium to the His-hun-
dle catheter, and the distance from the lower lip
of the coronary sinus ostium to the His-bundle
catheter were measured in a blinded fashion. Mea-
surements wetT; obtained in millimeters using elec-
tronic calipers, corrected for body surface area,
and calibrated using the angiographie catheter
width. The top of the coronary sinus ostium was
determined as the sup>erior edge of contrast inter-
secting a line drawn at a 90" angle from the
bottom of lhe coronary sinus at the takeoff of the
inferior lip. The intraobserver reproducibility of
these measurements was 88%. and interobserver
reproducibility was 82%.
Statistical Analysis
Continuous variables ai-e expressed as mean ±
standard deviation. Comparisons were perfonned
using the Student's t-test. The correlation between
the coronary sinus ostium size, distance between
the upper and lower hps of the coronary sinus
ostium and the His-bundle catheter, and patient age
was determined by regression analysis. A P value
< 0.05 was considered signilicant.
Results
Coronary Sinus Ostium Size
The coronary sinus ostium was similar in
diameter in the study group (! 1.4 ± 4.5 mm) and
in the control group (10.5 ± 3.6 mm, P = 0.2).
There was no correlation between coronary sinus
ostium size and age (r' = 0.10, P = 0.5). The
diameter of the coronary sinus ostium was
11.8 ± 4.2 mm in women compared to 10.0 ±
3.9 mm in men (P = O.I).
Coronary Sinus Morphology
The coronary sinus ostium was funnel shaped
in i4 (50%) of 28 .study patients and in 11 (50%)
of the 22 control patients (P = 1.0).
Distance From Coronary Sinus Ostium to His-
Bundle Electrogram
In the study group, the mean distance from the
upper lip of the coronary sinus ostium to the tip
of the catheter in the His-bundle position was 9.7
± 5.5 mm (range 0 to 22.6): in the ctintrol group
the mean distance was 10.4 ± 5.1 mm (range 0 to
22.8. P = 0.7). The distance between the upper lip
of the coronary sinus ostium and the His-bundle
catheter was < 5 mm in 25% (7/28) of the patients
in the study group, compared to 14% (4/22) of the
patients in the control group (P = 0.3, Fig. 3).
The mean distance from the lower lip of the
coronai"y sinus ostium to the tip of the catheter in
the His-bundle position in the study group was
20.1 ± 6.1 mm (range 8.5 to 25.8): in the control
group this distance was 19.5 ± 5.6 mm (range
9.0 to 29.5, P = 0.7). The distance between the
lower lip of the coronary sinus ostium and the His-
bundle catheter was < 16 mm in 28% (8/28) of
patients in the study gniup compared to 27% (6/22)
of the control group (P = 1.0).
There was no correlation between tlie distance
from the upper lip of the coronary sinus ostium to
the His-bundle catheter and patient age (r- =
0.17, P = 0.2) or between the distance from the
lower Up of the coronary sinus ostium to the His-
bundle catheter and patient age (H = 0.11, P - 0.4).
Discussion
Main Findings
The results of this study demonstrate that there
is a wide range of coronary sinus ostium diame-
ters and morphology, with no demonstrable cor-
relation to patient age or to the presence or absence
of AV ntxial reentrant tachycardia t>r dual AV node
physiology. The study also demonstrates a large
degree of variability in the distance between the
upper and lower lips of the coronary sinus
ostium and the kxation of the maximum His-bun-
dle electrogram. In approximately 25% of patients.
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Figure 2. (A) Left anterior oblique projection demonstrates a funnel-shaped coronary sinus ostiuni. Note the short distance
between the top of the ostiuni and the tip of the His-bundle catheter. (B) Left anterior oblique projection demonstrates an
example of a nonfunnel-shaped coronary sinus ostium. In contrast to the funnel-shaped coronary sinus ostium depicted in
panel A, this coronary sinus ostium has discrete border.^. Note the greater distance between the top ofthe ostium and the His-
bundle catheter in comparison to that in panel A.
the distance between the upper lip ofthe coronary
sinus ostium and the location of the His-bundle
electrogram is < 5 mm. The close proximity of the
coronary sinus ostium to lhe His-bundle electro-
gram in some patients may explain the occa-
sional occurrence of inadvertent AV block during
slow paihway ablation.
Use ofRadiopaque Contrast
A prior study recommended radiopaque con-
trast injection as the best method for identification
of the location and boundaries of the coronary sinus
ostium,'* Using this method, the coronary sinus
ostium could be outlined in every patient in whom
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Figure 3. The range of coronary .sinus ostium-His bundle
catheter distances in the study group and in the control
group.
contrast injection was attempted. The mean dis-
tance between the edge of the coronary sinus ostium
closest to the central fibrous body and the central
fibrous body was 17 ± 3 mm (not corrected for
body surface area) in one anatomic study,' This
measurement is similar to the mean distance of
18.5 ± 1,2 mm (not corrected for body surface
area) between the upper lip of the coronary sinus
ostium and the His-bundle position obtained in the
present study. This concordance with a prior
anatomic study verifies that radiopaque contrast
injection is an accurate way to delineate the bound-
aries of the coronary sinus ostium.
Implications for Catheter Ablation
A commonly used method for radiofrequency
ablation of the AV nodal slow pathway is the
anatomic approach described by Jazayeri et al.'
Using this approach, the operator systematically
delivers radiofrequency applications starting pos-
terior to the coronary sinus ostium (Fig, 1) in the
P (posterior) position and moves anteriorly in a
stepwise fashion towiird the A (anterior) position.
This method divides the region between the coro-
nary sinus ostium and the His bundle into six
radiofrequency energy application sites. The
findings from contrast injection suggest that this
region would compose a mean distance of approx-
imately 13 mm and could be as small as 4,6 mm,
which would allow < 1 mm of tissue per desig-
nated radiofrequency energy application site. For
this reason, strict adherence to several sites of
application assigned to the region for successful
slow pathway ablation may result in radiofre-
quency energy applications in a more anterior
position than one would desire and a risk of com-
plete AV block.
Limitations
The projection of the coronary sinus ostium
was limited to a single left anterior oblique view.
This may lead to an underestimation of the
size of the ostium and a lack of appreciation for
differences in ostial morphology. However,
this single view still permits identification ofthe
edge of the coronary sinus ostium that is near-
est to the His-bundle catheter, A second limita-
tion of the study is that the control group was
almost entirely composed of patients with acces-
sory pathways. Although posteroseptal acces-
sory pathways may be associated with coronary
sinus anomalies," only 4 (18%) of 22 of the con-
trol patients had a posteroseptal accessory path-
way, and no anomalies were noted in these
patients.
Conclusion
There is great variability between patients in the
distance between the coronary sinus ostium and
the His-bundle electrogram. In some patients,
this distance may be < 5 mm. The relationship of
the coronary sinus ostium to the His-bundle elec-
trogram does not correlate with the presence or
absence of dual AV node physiology or AV
nodal reentrant tachycardia.
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